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METHOD FOR FORMING CRYSTALS 

This application is a continuation of application Ser. 
No. 07/501,436 ?led Mar. 22, 1990, now abandoned, 
which is a continuation of application Ser. No. 
07/174,382 ?led Mar. 28, 1988, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method of forming crys 

tals, particularly to the method of forming crystals by 
utilizing the difference in nucleation density in liquid 
phase. 
The present invention may be applied for formation 

of crystals including monocrystals, polycrystals, etc. to 
be used for, for example, electronic devices, optical 
devices, magnetic devices, piezoelectric devices or sur 
face acoustic devices, etc. of semiconductor integrated 
circuit, optical integrated circuit, magnetic circuit, etc. 

2. Related Background Art 
In the prior art, monocrystalline thin ?lms used for 

semiconductor electronic devices, optical devices, etc. 
have been formed by epitaxial growth on a monocrys 
talline substrate. For example, on a Si monocrystalline 
substrate (silicon wafer), Si, Ge, GaAs, etc. have been 
known to be epitaxially grown.from liquid phase, gas 
phase or solid phase, and also on a GaAs monocrystal 
line substrate, monocrystals of GaAs, GaAlAs, etc. 
have been known to be epitaxially grown. 

Particularly, when Si is epitaxially grown from liquid 
phase onto Si monocrystal, a solution comprising Si 
which is the depositing material dissolved in Ga, ln, Sb, 
Bi, Sn, etc. as the solvent is used. 
Concerning such Si epitaxial growth, there are re 

ports in many literatures as shown below. 
B. Girault, F. Chevrier, A. Joulle and G. Bougnot, J. 

Crystal Growth 37, 169 (1977); 
D. Kass, M. Warth, W. Appel, H. P. Strunk and E. 

Bauser, Electrochemical Society, Meeting 1985; 
B. J. Baliga, Journal of Electrochemical Society, vol. 

126, P. 138, 1979 
B. J. Baliga, Journal of Electrochemical Society, vol. 

124, P. 1627, 1977; 
B. J. Baliga, Journal of Crystal Growth, vol, 41, P. 199, 

1977; 
B. J. Baliga, Journal of Electrochemical Society, vol. 

125, P. 598, 1978. 
All of the above literatures use liquid phase epitaxial 

growth on monocrystalline Si substrates, not on other 
materials than monocrystalline Si substrates such as 
amorphous SiOg. 
By use of semiconductor thin ?lms thus formed, semi 

conductor devices and integrated circuits, and emission 
devices such as semiconductor lasers, LED, etc. are 
prepared. 

Also, in recent years, research and development have 
been abundantly conducted on ultra-high speed transis 
tors by use of two-dimensional electron gas, superlattice 
device utilizing quantum well, etc., and these have been 
made possible by high precision epitaxial technique 
such as MBE (molecular beam epitaxy) by use of ultra 
high vacuum, MOCVD (metal organic chemical vapor 
deposition), etc. 

In such epitaxial growth on a monocrystalline sub 
strate, it is required to adjust the lattice constant and 
coef?cient of thermal expansion between a monocrys 
talline material of the substrate and an epitaxial growth 
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2 
layer. For example, although it is possible to grow epi 
taxially a Si monocrystalline thin ?lm on sapphire 
which is an insulating monocrystalline substrate, the 
crystal lattice defect at the surface due to deviation in 
lattice constant and diffusion of aluminum which is the 
component of sapphire into the epitaxial layer, etc. are 
becoming problems in application to electronic devices 
or circuits. 

Thus, it can be understood that the method of form 
ing a monocrystalline thin ?lm of the prior art accord 
ing to epitaxial growth depends greatly on its substrate 
material. Mathews et a1. examined the combinations of 
the substrate materials with the epitaxial growth layers 
(EPITAXIAL GROWTH, Academic Press, New 
York, 1975 ed. by J. W. Mathews). 

Also, the size of the substrate is presently about 6 
inches for Si wafer, an enlargement of GaAs, sapphire 
substrate has been further delayed. In addition, since the 
production cost of a monocrystalline substrate is high, 
the cost per chip becomes high. 

Thus, for forming a monocrystalline layer capable of 
preparing a device of good quality according to the 
process of the prior art, there has existed a problem in 
that the kinds of the substrate material are limited to an 
extremely narrow scope. 
On the other hand, in recent years, research and de 

velopment has been extensively done on the three-di 
mensional integrated circuits formed by laminating 
semiconductor devices in the normal direction of a 
substrate to achieve a highly integrated and polyfunc 
tional state. Research and development is also exten 
sively being made year by year on large area semicon 
ductor devices in which elements are set in an array on 
an inexpensive glass, such as solar batteries and switch 
ing transistors for liquid crystal picture elements. 
What is common to such research and development is 

that they require techniques by which a semiconductor 
thin ?lm is formed on an amorphous insulating material 
and an electronic device such as a transistor is formed 
thereon. Particularly sought after among these is a tech 
nique by which a monocrystalline semiconductor of 
high quality is formed on an amorphous insulating mate 
rial. 

In general, however, the deposition of a thin ?lm on 
the amorphous insulating material such as SiO; may 
generally make amorphous or polycrystalline the crys 
talline structure of the .deposited ?lm because of lack of 
long-distance order of the substrate material. Here, the 
amorphous ?lm refers to a ?lm kept in a state that the 
short-distance order as in most vicinal atoms is retained 
but there is no long-distance order beyond that, and the 
polycrystalline ?lm refers to a ?lm in which monocrys 
talline grains having no particular crystal direction have 
gathered together separated at the grain boundaries. 
For example, when Si is formed on SiO; by the CVD 

method, if the deposition temperature is about 600' C. 
or lower, an amorphous silicon is formed, while at a 
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temperature higher than that, a polycrystalline silicon 
with grain sizes ‘distributed between some hundred to 
some thousand A is formed. However, the grain size 
and its distribution will vary greatly depending on the 
formation method. 

Further, a polycrystalline thin ?lm with a large grain 
size of about micron or millimeter is obtained by melt 
ing and solidifying an amorphous or polycrystalline ?lm 
with an energy beam such as laser, rod-shaped heater, 
etc. (Single-Crystal silicon on non-single-crystal insula 
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tors, Journal of Crystal Growth vol. 63, No. 3, October, 
1983, edited by G. W. Cullen). 
When transistors are formed on thin ?lms of various 

crystal structures thus formed, and electron mobility is 
measured from its characteristics, a mobility of ca. 0.1 
cmZ/Vsec is obtained for amorphous silicon, a mobility 
of l to 10 cm2/V.sec for a polycrystalline silicon having 
a grain size of some hundred A, and a mobility to the 
same extent as in the case of monocrystalline silicon for 
a polycrystalline silicon with a large grain size by melt 
ing and solidi?cation. 
From these results, it can be understood that there is 

great difference in electrical characteristics between the 
device formed in the monocrystalline region within the 
crystal grain and the device formed as crossing over the 
grain boundary. In other words, the deposited ?lm on 
the amorphous material becomes amorphous or a poly 
crystalline structure and the device prepared there is 
greatly inferior in performance as compared with the 
device prepared in the monocrystalline layer. For this 
reason, uses are limited to simple switching device, 
solar battery, photoelectric converting device, etc. 

Also, the method for forming a polycrystalline thin 
?lm with a large grain size by melting and solidi?cation 
had the problem that enormous time is required for 
making grain size larger, because an amorphous or 
monocrystalline thin ?lm is scanned with an energy 
beam for each wafer, whereby bulk productivity is poor 
and the method is not suited for enlargement of area. 
As described above, in the method of growing crys 

tals of the prior art and the crystals formed thereby 
three-dimensional integration or enlargement of area 
cannot be easily conducted to devices for practical 
applications whereby crystals such as monocrystals and 
polycrystals required for preparation of a device having 
excellent characteristics could not be formed easily and 
at low cost. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the 
above problems of the prior art as described above, and 
also provide a method which can prepare crystals of 
good quality such as monocrystals containing no grain 
boundary and polycrystals controlled in grain bound 
ary, etc. without restriction to the base materials, for 
example, without restriction to the material, the consti 
tution, the size, etc. of the substrate, and in particular a 
method of forming the above crystals by the simple 
steps with good efficiency without using a special de 
vice. 
Another object of the present invention is to provide 

a method of forming a crystal which comprises a crystal 
forming treatment effected by dipping a substrate hav 
ing a nonnucleation surface having small nucleation 
density and a nucleation surface having a larger nucle 
ation density than said nonnucleation surface and an 
area suf?ciently ?ne to such an extent as to allow only 
a single nucleus to be formed in a solution containing a 
monocrystal forming material to thereby allow a mono 
crystal to grow from only the single nucleus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic constitutional view showing an 
example of the device to be used for practicing the 
method of the present invention. 
FIGS. 2A-2D illustrate diagramatically the steps 

showing the ?rst embodiment of the method for form 
ing crystals according to the present invention. 
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4 
FIGS. 3A and 3B are perspective views of FIGS. 2A 

and 2D. 
FIGS. 4A-4D illustrate diagramatically the steps 

showing the second embodiment of the present inven 
tion. ' 

FIGS. SA-SD illustrate diagramatically the steps 
showing the third embodiment of the present invention. 
FIGS. 6A and 6B are perspective views of FIGS. 5A 

and 5D. 
FIGS. 7A-7D illustrate diagramatically the steps 

showing the fourth embodiment of the present inven 
tion. 
FIGS. 8A-8C illustrate diagramatically the steps 

showing the ?fth embodiment of the method for form 
ing crystals according to the present invention. 
FIGS. 9A and 9B are perspective views of FIGS. 8A 

and 8C. 
FIGS. IDA-10C illustrate diagramatically the steps 

showing the sixth embodiment of the present invention. 
FIGS. llA-llC illustrate diagramatically the steps 

showing the seventh embodiment of the present inven 
tion. 

FIG. 12 is a schematic sectional view showing an 
example of the multi-layer structure prepared by use of 
the ?rst embodiment of the present invention. 
FIGS. 13A~13D illustrate diagramatically the steps 

showing the eighth embodiment of the present inven 
tion. 
FIGS. 14A and 14B are diagrams for illustration of 

the selective deposition method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First, to get better understanding of the present in 
vention, the selective deposition method for forming 
selectively a deposited ?lm on the deposition surface is 
to be described. The selective deposition method is a 
method in which a thin ?lm is selectively formed on the 
portion of the substrate having a high nucleation density 
by utilizing the difference between the materials in the 
factors in?uencing nucleation in the thin ?lm forming 
process such as surface energy, attachment coef?cient, 
elimination coefficient, surface diffusion speed, etc. 
FIGS. 14A and 14B illustrate schematically the selec 

tive deposition method. First, as shown in FIG. 14A, on 
the substrate 1, a thin ?lm 2 comprising a material dif 
ferent in the above factors from the substrate 1 is 
formed at a desired portion. When deposition of a thin 
?lm 3 comprising an appropriate material is performed 
on the surface of the thin ?lm 2 according to appropri 
ate deposition conditions, it becomes possible to cause a 
phenomenon to occur such that the thin ?lm 3 will 
grow only on the thin ?lm 2 without growth on the 
substrate 1. 

In the following, various embodiments of the present 
invention are described in detail with reference to the 
attached drawings. 
The present invention utilizes the aforementioned 

I difference of nucleation density, and forms a nucleation 
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surface with a different material having a suf?ciently 
larger nucleation density than the material constituting 
a nonnucleation surface sufficiently ?nely to such an 
extent as to allow only a single nucleus to grow thereon, 
thereby performing the selective growth of a mono 
crystal only on the ?ne nucleation surface from the 
single nucleus formed thereon. 
As the materials which can be utilized in the present 

invention, there may be included, for example, SiOx 
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(0<x§2) as the material of the nonnucleation surface, 
Si, GaAs, silicon nitride as the materials of nucleation 
surface, and Si, W, GaAs, InP, etc. as the monocrystal 
line materials to be allowed to grow. 
For example, by selecting SiOg as the constitutional 

material of the nonnucleation surface and silicon nitride 
as the constitutional material of the nucleation surface 
while selecting silicon as the monocrystalline material 
to be allowed to grow, suf?ciently great nucleation 
density difference can be obtained. 
Of course, the present invention is not limited by 

these materials, but the nucleation density difference 
may be sufficiently lO2-fold or more in terms of the 
density of nucleus, and sufficient selective formation of 
a monocrystalline deposited ?lm can be performed with 
the materials as exempli?ed below. 
As another method for obtaining such nucleation 

density difference, a region containing excessive 
amounts of N, etc. may be also formed by ion implanta 
tion of Si, N, etc. locally on the SiO; ?lm. 

Since the selective growth of monocrystal is deter 
mined depending on the electron state of the nucleation 
surface, particularly the state of dangling bond, the 
material forming nucleation surface with lower nucle 
ation density (e.g. SiOg) is not required to be a bulk 
material, but the nucleation surface may be formed only 
on the surface of the substrate of any desired material. 

In the present invention the selective monocrystal 
forming method as described above is practiced in liq 
uid phase containing materials for formation of mono 
crystals. A solution containing a depositing material for 
preparing monocrystals dissolved in an appropriate 
solvent is prepared. The substrate for formation of 
monocrystals is then dipped into said solution super 
saturated with the depositing material. 
When Si is the depositing material, Ga, In, Sb, Bi, Sn, 

etc. is used as the above solvent. 
FIG. 1 is a schematic constitutional view showing an 

example of the device to be used for practicing the 
selective monocrystal forming method in liquid phase 
of the present invention. 

In the FIG. 31 is a substrate to allow selective mono 
crystal formation on its surface, and said substrate 31 is 
held by ?xing with a substrate holder 32, and said sub 
strate holder 32 is suspended from above by a substrate 
supporting rod 33. 34 is a crucible and the above solu 
tion 35 is housed in said crucible. The above members 
are arranged in the treatment chamber 36, and a heater 
37 is arranged around said treatment chamber. 
During the selective deposition, with the substrate 31 

being dipped into the above solution 35, the treatment 
chamber 36 is internally heated to an appropriate tem 
perature with the heater 37 and gradually cooled at an 
appropriate speed. By this process, selective formation 
of monocrystals is gradually performed while maintain 
ing the state of the solution 35 as super-saturated with 
the depositing material. 
FIGS. 2A-2D illustrate diagramatically the steps for 

illustration of the ?rst embodiment of the method for 
forming crystals according to the present invention, and 
FIGS. 3A and 3B are perspective views of FIGS. 2A 
and 2D. 

First, as shown in FIGS. 2A and 3A, on the substrate 
4, a nonnucleation surface 5 with small nucleation den 
sity is formed, and a material with larger nucleation 
density is thinly deposited thereon, followed by pattern 
ing by lithography, etc. to form a nucleation surface 6 
sufficiently ?nely such that only a single nucleus may be 
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formed to obtain a substrate for crystal formation. How 
ever, the size, the crystal structure and the composition 
of the substrate 4 may be as desired, and it may be a 
substrate having a functional device formed thereon. 
Also, the nucleation surface 6 is inclusive of modi?ed 
regions having excessively Si, N, etc. formed by ion 
implantation of Si, N, etc. on the thin ?lm 5, as de 
scribed above. 

Next, the substrate 4 having the nonnucleation sur 
face 5 and the nucleation surface 6 is dipped into a 
solution containing a material for crystal formation as a 
crystal forming treatment, thereby forming a single 
nucleus on the nucleation surface 5 to allow a mono‘ 
crystal to grow from the single nucleus. 

In this embodiment, the above crystal forming treat 
ment is carried out using a device for liquid-phase 
growth ‘as shown in FIG. 1, and the substrate for crystal 
formation mentioned above is dipped into a solution 
comprising the mixture of a metal solvent and a solute 
of crystal forming material while the solution tempera 
ture is controlled to keep the supersaturated state of the 
solute, thereby depositing a monocrystal on the nucle 
ation surface. In this crystal growth, it is desirable to 
cool gradually at a cooling rate of 0.6’ C./min or lower 
in case of gradually cooling. Since the nucleation sur 
face 6 is formed suf?ciently finely, only a single nucleus 
is formed and a monocrystal grows from the single 
nucleus as the growing center. 

In this embodiment, Si monocrystalline wafer is used 
as the substrate 4 and the nonnucleation surface 5 com 
prising SiO; amorphous ?lm is formed by thermal oxi 
dation of the surface of said wafer. Of course, a quartz 
substrate may be employed, or alternatively SiO; layer 
may be formed as the nonnucleation surface on the 
surface of any desired substrate such as metal, semi-con 
ductor, magnetic material, piezoelectric material, insu 
lator, etc. by use of the sputtering method, the CVD 
method, the vacuum vapor deposition method, etc. As 
the material constituting the nonnucleation surface, 
SiOz is desirable, but SiOx (0<x-§2) with various x 
values may be also employed. 
On the SiO; ?lm 5 thus formed, a silicon nitride layer 

(here Si3N4 layer) is deposited by the reduced pressure 
vapor deposition method, followed by patterning of the 
silicon nitride layer according to conventional litho 
graphic technique to form ?nely the nucleation surface 
6 of preferably 10pm or less in area, more preferably 
5pm or less, most preferably 1pm or less, thus giving a 
substrate. The substrate is dipped into the solution con 
taining materials for formation of crystals and the treat 
ment for formation of crystals is performed. Subse 
quently, only a single nucleus is formed on the nucle 
ation surface 6. The single nucleus grows while main 
taining a monocrystalline structure to become a mono 
crystalline grain 7 shaped in an island as shown in FIG. 
2B. For the island-shaped monocrystalline grain 7 to be 
formed, it is desirable to determine the crystal forming 

_ treatment conditions so that no nucleation may occur at 

60 
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all on the nonnucleation surface 5. 
The island-shaped monocrystalline grain 7 further 

grows while maintaining the monocrystalline structure 
with the nucleation surface 6 as the center, whereby the 
nonnucleation surface 5 becomes wholly covered there 
with as shown in FIG. 2C. 

Subsequently, the surface of the monocrystalline 
grain 7 is flattened by etching or polishing to form a 
monocrystalline layer 8 on which a desired device can 
be formed, as shown in FIG. 2D and FIG. 3B. Thus, 
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when the nonnucleation surface 5 is formed on the 
substrate 4, any desired material can be used the sub 
strate 4 which becomes the supporting member. Fur 
ther, even if the substrate 4 is one having a functional 
device, etc. formed thereon, a monocrystalline layer 
can be easily formed thereon. 

Further, in the present invention, the so-called “melt 
back phenomenon”, i.e. dissolution of the portion of 
monocrystalline substrate material itself in contact with 
the solution, which has been a problem involved in the 
conventional selective epitaxial growth (SEG) using a 
monocrystal and SiO;, etc. does not present a problem 
since the nucleation surface 6 comprising silicon nitride 
and silicon oxide is formed by ion implantation of Si, N, 
etc. 

Still further, in the present invention, deposition is 
effected under the conditions extremely close to ther 
mal equilibrium with the degree of supersaturation of 
crystal material in the solution kept small, thus resulting 
in formation of a monocrystal of good quality contain 
ing no crystal defect, etc. 

Furthermore, since a small quantity of the solvent 
used for liquid phase crystal forming treatment is incor 
porated into the crystal, a crystal of desired conduction 
type, i.e. p-type, i-type or n-type, can be formed. In 
particular, relatively high level of doping can be per 
formed in comparison with the crystal forming treat 
ment in vapor phase. 

In the present invention, a Group III metal such as 
Ga, In, etc. may be used as a solvent for forming a 
p-type crystal to thereby enhance the carrier density as 
the following. 

Solvent: Ga 
Growth temperature: 300°-950° C. 
Carrier density: 3 X 1018-5 X 1020 cm-3 
Solvent: In 
Growth temperature: 700°—980° C. 
Carrier density: l>< lO15—4>< 1017 cm-3 

20 

25 

35 

In the present invention, a Group V metal such as Sb, _ 
Bi, etc. may be used as a solvent for forming an n-type 
crystal to thereby enhance the carrier density as the 
following. 

Solvent: Sb 
Growth temperature: 640°~800° C. 
Carrier density: 3 X lO19—3X 1020 cm-3 
Solvent: Bi 
Growth temperature: 800°-l000° C. 
Carrier density: lX l016—6X 1016 cm'3 
Also, a Group IV metal may be used as a solvent for 

forming an i-type crystal to thereby obtaining the car 
rier density as the following. 

Solvent: Sn 
Growth temperature: 800°-l000° C. 
Carrier density: 1 X l015_- l X 1016 cm-3 
Thus, for example, when Ga is used as the solvent, 

electrically active crystals are obtained. On the other 
hand, when Sn is used as the solvent, any appropriate 
desired impurity can be added later to the crystal ob 
tained, and a crystal determined in conductive type is 
formed with desired doping concentration. 

Therefore, it is optimum when application to a semi 
conductor device is considered. 

In the above embodiment, the crystal forming surface 
is formed of a thin ?lm, but of course as shown in FIGS. 
4A-4D, the monocrystalline layer may be formed simi 
larly by using the substrate comprising a material with 
small nucleation density enabling selective monocrystal 
growth as such. 
FIGS. 4A-4D illustrate diagramatically the second 

embodiment of the present invention. As shown in these 
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Figures, by forming a nucleation surface 6 ‘suf?ciently 
?nely on the substrate 9 comprising a material with 
small nucleation density enabling selective nucleation, a 
monocrystalline layer 8 can be formed similarly as in 
the ?rst embodiment. ' 

FIGS. 5A-5D illustrate diagramatically the third 
embodiment of the method of forming crystals accord 
ing to the present invention, and FIGS. 6A and 6B are 
perspective views in FIGS. 5A and 5D. 
As shown in FIG. 5A and FIG. 6A, the nucleation 

surface 12 is arranged on the amorphous insulating 
substrate 11 of suf?ciently small size with a distance 1 
from neighboring surfaces 12. The distance 1 is set equal 
to or greater than the size of the monocrystalline region 
required for formation of a semiconductor device. 

Next, only a single nucleus of a crystalline material is 
formed on the nucleation surface 12 under similarly 
appropriate crystal forming treatment in liquid phase as 
in the above ?rst embodiment. In other words, the nu 
cleation surface 12 is required to be formed suf?ciently 
?nely to the extent that only a single nucleus may be 
formed. The size of the nucleation surface 12, which 
may differ depending on the kind of the material, may 
be within the above range. Further, when crystal 
growth treatment is performed in liquid phase, the nu 
cleus grows while maintaining the monocrystalline 
structure, to become an island-shaped monocrystalline 
grain 13 as shown in FIG. 5B. For the island-shaped 
monocrystalline grain 13 to be formed, as already de 
scribed, it is necessary to determine the conditions so 
that no nucleation occurs at all on the substrate 11. 
The crystal orientation in the direction of the island 

shaped monocrystalline grain 13 normal to the substrate 
is determined constant so as to make the interfacial 
energy between the material of substrate 11 and the thin 
?lm depositing material minimum. For example, the 
surface or interfacial energy has anisotropy depending 
on the crystal face. 
The island-shaped monocrystalline grain 13 further 

grows to contact the adjacent monocrystalline grain 13 
as shown in FIG. 5C, and a crystal grain boundary 14 is 
formed almost at the intermediate position of the nucle 
ation surface 12. 

Subsequently, the monocrystalline grain 13 grows 
three-dimensionally, but since the crystal face with slow 
growth speed appears as a facet, the surface is flattened 
by etching or polishing, and further the portion of the 
grain boundary 14 is removed to form a thin ?lm 15 of 
monocrystal containing no grain boundary in shape of a 
lattice as shown in FIG. 5D and FIG. 6B. The size of 
the monocrystalline thin film 15 is determined by the 
interval between they different materials 12 as described 
above. In other words, by determining the formed pat 
tern of the different kind of material 12 appropriately, 
the position of the grain boundary can be controlled to 
form monocrystals with desired sizes at a desired ar 
rangement. 

60 

65 

FIGS. 7A-7D illustrate diagramatically the steps 
showing the fourth embodiment of the present inven 
tion. As shown in the same Figure, on a desired sub 
strate 4 similarly as in the ?rst embodiment, a non 
nucleation surface 5 comprising a material with small 
nucleation density enabling selective monocrystal 
growth is formed, and nucleation surface 12 is formed 
with intervals of l thereon, whereby a monocrystalline 
layer 15 can be formed similarly as in the above third 
embodiment. 
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FIGS. 8A~8C illustrate diagramatically the forma 
tion steps showing the ?fth embodiment of the method 
of forming crystals according to the present invention, 
and FIGS. 9A and 9B are perspective views in FIGS. 
8A and 8C. 

First, as shown in FIG. 8A and FIG. 98, a concavity 
16 with necessary size and shape is formed on the amor 
phous insulating substrate 11, and the nucleation surface 
12 with ?ne size is formed therein. 

Subsequently, as shown in FIG. 8B, an island-shaped 
monocrystalline grain 13 is permitted to grow similarly 
as in the ?rst embodiment. 
And, as shown in FIG. 8C and FIG. 9B, the mono 

crystalline grain 13 is permitted to grow until filling the 
concavity 16, thus forming a monocrystalline layer 17. 

In this embodiment, since the monocrystalline grain 
13 grows in the concavity 16, the steps of ?attening and 
removing grain boundary portions become unneces 
sary. 
FIGS. 10A-10C illustrate diagramatically the sixth 

embodiment of the present invention. As shown in these 
Figures, on any desired substrate 4 similarly as in the 
?rst embodiment, a thin ?lm 18 which becomes a non 
nucleation surface comprising a material with small 
nucleation density enabling selective deposition is 
formed, and a concavity 16 with necessary size and 
shape is formed thereon. And, the nucleation surface 12 
is formed ?nely therein, and a monocrystalline layer 17 
is formed similarly as in the ?fth embodiment. 
FIG. 11A-11C illustrate diagramatically the forma 

tion steps showing the seventh embodiment. After for 
mation of a concavity on a desired substrate 19, a thin 
?lm 20 which becomes a nonnucleation surface com 
prising a material with small nucleation density enabling 
selective deposition is formed, and following the same 
procedure as described above, a monocrystalline layer 
17 can be formed. 
FIG. 12 is a schematic sectional view showing an 

example of the multi-layer structure prepared by use of 
the ?rst embodiment of the present invention. 

In the same Figure, on the substrate 4 of Si or GaAs, 
a transistor 101 or other semiconductor device or opti 
cal device, etc. is formed according to the conventional 
production process, and an SiO; layer 5 as the non 
nucleation surface is formed thereon according to the 
CVD method or the sputtering method. And, as already 
described, a monocrystal is permitted to grow on a 
suf?ciently ?ne nucleation surface, thereby forming a 
monocrystalline layer 8. 

Subsequently, a transistor 102 or other semiconduc 
tor device or optical device is formed on the monocrys 
talline layer 8 and connected through the SiO; layer 5. 
Thus, for example, when CMOS is formed by connect 
ing the MOS transistor 101 of the ?rst layer and the 
MOS transistor 102 of the second layer, CMOS without 
mutual interaction at all can be prepared. Also, its driv 
ing circuit can be integrated with an emitting device to 
accomplish high integration. 

Further, by repeating formation of monocrystalline 
layer, monocrystalline layers 8 can be formed in many 
layers with SiO; layer 5 sandwiched therebetween to 
form easily a multi-layer structure. 
FIGS. 13A-13D illustrate diagramatically the forma 

tion steps of the eighth embodiment of the present in 
vention. 
FIGS. ISA-13C are the same as FIGS. 5A-5C. That 

is, the nucleation surface 12 is formed with interval 1 to 
form monocrystalline grain 13. By this, the grain bound 
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ary 14 is formed at substantially the center of the nucle 
ation surface 12, and a polycrystalline layer 21 with a 
grain size 1 as shown in FIG. 13D can be obtained. 

Since the grain size of the polycrystalline layer 21 can 
be determined by the interval 1 between the nucleation 
surface 12, it becomes possible to control the grain size. 
In the prior art, the grain size of polycrystal was varied 
depending on a plural number of factors such as the 
formation method, the formation temperature, etc., but 
according to the present invention, it can be determined 
with good controllability by the interval 1 between the 
nucleation surface 12. 
The above polycrystalline layer 21 may be also 

formed by forming a depositing surface material layer 5 
with small nucleation density on a desired substrate 4. 
In this case, as already described, the polycrystalline 
layer can be formed without restriction to the substrate, 
the material, etc. of the substrate. 

Formation of Nucleation Surface by Difference of 
Composition of Silicon Nitride 

For obtaining sufficient nucleation density difference 
between the non-nucleation surface and the nucleation 
surface, the material is not limited to Si3N4, but it may 
be also a silicon nitride with its composition being var 
ied. 

According to the plasma CVD method, in which a 
silicon nitride ?lm is formed at low temperature by 
decomposing SiI-I4 gas and NH; gas in RF plasma, by 
varying the flow rate ratio of SiH4 gas to NI-I3 gas, the 
composition ratio of Si to N in the silicon nitride ?lm 
deposited can be varied to great extent. 
For example, as the deposition conditions, if RF out 

put is set at 175 W, the substrate temperature at 380° C. 
and SiH4 gas ?ow rate is ?xed at 300 cc/min., when the 
gas ?ow rate ratio of NH3/SiH4 is varied from 4 to 10 
by varying the flow rate of NH3 gas, it has been found 
by the Auger’s electron spectroscopy that the Si/N 
ratio in the silicon nitride ?lm is varied from 1.1 to 0.58. 
On the other hand, the composition of the silicon 

nitride ?lm formed by introducing SiI-I2Cl2 gas and 
NH3 gas under the conditions of a reduced pressure of 
0.3 Torr and a temperature of about 800° C., was found 
to be approximately to Si3N4 (Si/N =0.75) which is the 
stoichiometric ratio. 
The silicon nitride ?lm formed by the heat treatment 

of Si in ammonia or N; at about 1200‘ C. (the hot nitrid 
ing treatment) can be obtained with a composition fur 
ther approximate to the stoichiometric ratio, because its 
formation method is performed under thermal equilib 
num. 

When the above nucleus of Si is grown by using 
silicon nitrides formed according to the various meth 
ods as described above as the deposition surface mate 
rial with nucleation density of Si higher than SiOZ, 
difference in nucleation density is created depending on 
its composition. 

Therefore, it is necessary to select the nucleation 
' density and the optimum size of silicon nitride capable 
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of selecting a single nucleus. 

Formation of Nucleation Surface by Ion Implantation 

As the method for realizing the nucleation density 
difference relative to Si, ion implanation of Si, N, P, B, 
F, Ar, He, C, As, Ga, Ge, etc. may be effected locally 
onto the surface of SiO; which is the material with 
lower nucleation density to form a modi?ed region on 
the non-nucleation surface, and the modi?ed region 
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may be utilized as the nucleation surface with higher 
nucleation density. 
For example, the SiO; surface is covered with a resist, 

and the desired sites are exposed to light, developed and 
dissolved to have the SiO; surface partially exposed. 

Subsequently, by use of SiF4 gas as the source gas, Si 
ions are implanted onto the SiO; surface at 10 keV at a 
density of 1X1016 to l><l018 cmrz. The projected 
?ight length is 114 A , and Si concentration reaches ca. 
1022 cm"3 on the SiO; surface. When SiOz is amor 
phous, the region implanted with Si ions is also amor 
phous. 
For formation of the modi?ed region, ion implanta 

tion can be effected with a resist as the mask, but nar 
rowed Si ions may be also implanted onto the SiO; 
surface by use of the converging ion beam technique 
without use of the resist mask. 

After having effected thus ion implantation, by peel 
ing off the resist, a modi?ed region with excessive Si is 
formed as a nucleation surface on the SiO; surface. 

Here, by forming suf?ciently minutely the modi?ed 
region, a single nucleus of Si can be grown with the 
modi?ed region ‘as the nucleation surface whereby a 
single crystal can be grown as described above. 

Formation of the modi?ed region sufficiently ?nely 
to the extent that a single nucleus can be grown can be 
accomplished by patterning of the resist or narrowing 
the beam of the converging ion beam. 

Formation of Nucleation Surface by Window Opening 

As another method for realizing the nucleation den 
sity difference to Si, the whole surface may be once 
formed with a nucleation surface forming material, then 
a layer of non-nucleation surface forming material such 
as SiOg, etc. formed on said nucleation surface forming 
material, and a fine window opened by etching at a 
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desired portion of said non-nucleation surface forming . 
material layer, to have the nucleation surface exposed as 
?ne region from said window. As the nucleation surface 
forming material and the non-nucleation surface form 
ing material, the same as those described above can be 
used. 

' Crystal Growth of Materials Other Than Si 

(1) GaAs 
Similarly as in the case of Si crystal formation as 

described above, GaAs crystals can be formed. More 
speci?cally, a nucleation surface is formed by ion im 
plantation of Ga ions, As ions, Si ions, etc. at 1X1015 
cm-2 or higher in the fine regions on the SiO; surface. 
Alternatively, a silicon nitride ?lm may be formed in 
?ne regions of the SiO; surface, and its surface may be 
made the nucleation surface. When Ga is employed as 
the solvent, and cooling is carried out at a temperature 
of 700° to 800° C. at a rate of 015° to 02° C./min., 
growth of GaAs crystals occurs. 

(2) InGaAs 
Similarly as in the case of Si crystal formation as 

described above, InGaAs crystals can be formed. More 
speci?cally, a nucleation surface is formed by ion im 
plantation of In ions, Ga ions, As ions, etc. in ?ne re 
gions of the SiO; surface at l><l015 cm-2 or more. 
Alternatively, a silicon nitride ?lm may be formed in 
?ne regions of the SiO; surface, and its surface may be 
utilized as the nucleation surface. When Ga is used as 
the solvent, and cooling is carried out at a temperature 
of 500° to 600° C. at a rate of 0.1" to 0.3° C./min., In 
GaAs crystals will grow. 
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According to the present invention as described 

above, the base substrate may be a substrate of a mate 
rial capable of forming the above material layer, which 
becomes non-nucleation surface whereby the scope of 
selection can be broadened to great extent, whereby 
lowered cost and enlarged area can be accomplished 
with ease. 
The combinations of the material constituting a non 

nucleation surface, the material constituting a nucle 
ation surface and the crystalline material as described 
above are not limited to those shown in the above em 
bodiments, but combinations of materials having suf? 
cient nucleation density difference are clearly available. 
Therefore, also in the case of compound semiconduc 
tors such as InP, etc. capable of growth, monocrystals, 
monocrystal groups or polycrystals controlled in grain 
size can be formed. 

EXAMPLE 1 

At the surface of a 5 inch Si monocrystal wafer was 
formed an SiOz layer of about 2000 A thick as a non 
nucleation surface. 
The thus obtained substrate was set in a reduced 

pressure vapor phase growth device, and an Si3N4 layer 
was formed on the SiO; layer at a thickness of 300 A 
under the deposition conditions of: 

Pressure: 0.3 Torr 
Gas used: SiH2Cl2+NH3 (mixed gas) 
Flow rate ratio: NH3/SiH2Cl2=6 
Substrate temperature: 800' C. 
Next, the above Si3N4 layer was patterned by the 

lithography technique to form ?ne Si3N4 regions as 
nucleation surfaces arranged in a matrix of 1 pm size, 
150 um pitch and SOXIOO arrangement (as shown in 
FIG. 5A and FIG. 6A). 
Then, on the Si monocrystal wafer having on its 

surface the nonnucleation surface of SiO; and the nucle 
ation surfaces of Si3N4 in the 50X 100 arrangement, Si 
monocrystals were formed by liquid phase crystal form 
ing treatment under the following Si monocrystal form 
ing conditions. 

Solvent: Sn 
Solute: Si (saturation amount at 900° C.) 
Growth temperature: 900° C.-864° C. 
Cooling rate: O.4° C./min 
Time: 1.5 hrs 
The Si monocrystal wafer subjected to crystal form 

ing treatment was taken out of the device, and the crys 
tal evaluation was performed by electronmicroscope 
observation and X-ray diffraction. As a result, it was 
found that 50X 100 Si monocrystals having a grain size 
of 80 pm with an extremely narrow distribution were 
formed. It was also found that these Si monocrystals all 
had excellent monocrystalinity. 

EXAMPLE 2 
An Si polycrystal was formed under similar condi 

' tions to Example 1. The surface of the polycrystal layer 
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was subjected to ?attening treatment by the selective 
etching technique employed conventionally in the art of 
semiconductor. 
Using the Si polycrystal of which surface was ?at 

tened as above, a p MOS transistor was fabricated ac 
cording to the method used conventionally in the art of 
semiconductor, and the operation characteristics 
thereof were investigated. As a result, it was found that 
the characteristics were remarkably excellent as com 
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pared to a p MOS transistor fabricated by using an Si 
polycrystal layer obtained by the conventional method. 
As described in detail above, the crystals and the 

method of producing the same according to the present 
invention, by forming on a substrate surface a nucle 
ation surface forming material with sufficiently greater 
nucleation density than the material of said surface 
portion sufficiently ?nely so that a single nucleus may 
grow, permit a monocrystal from said nucleation sur 
face with said substrate surface as the nonnucleation 
surface and the surface comprising the different kind of 
material as the nucleation surface, whereby crystals 
such as monocrystals with necessary sizes, a plural num 
ber of island-shaped monocrystals and polycrystals 
controlled in grain size, etc. can be easily formed on the 
base substrate. Moreover, they can be formed by use of 
a device conventionally used in semiconductor process 
without requiring a special production device. 

Also, the crystals of the present invention are not 
restricted in the materials for the base substrate, and 
therefore three-dimensional integration, enlargement of 
area and lowered cost can be easily accomplished. For 
example, since monocrystals or polycrystals of silicon 
which are primary materials of semiconductor devices 
can be easily formed on an amorphous insulating mate 
rial, multi-layer formation of ‘devices with excellent 
electrical characteristics can be accomplished to realize 
a multi-functional integrated circuit not found in the 
prior art. Speci?cally, integration of optical device, 
surface acoustic device, piezoelectric device, etc. or 
integration of each thereof with surrounding circuit C, 
etc. can be realized. Also, if inexpensive glass or ceram 
ics, etc is used as the substrate material, application to a 
large area electronic device such as large scale ?at panel 
display, etc. with the driving circuit integrated in one 
sheet of glass, etc. will become possible. 

Further, the present invention, by forming the above 
nucleation surface forming materials with desired dis 
tance on the deposited surface, can form monocrystals 
with necessary sizes on a plurality of sites, whereby the 
formation steps can be simpli?ed to great extent and 
also the formation time shortened as compared with the 
melting and solidi?cation method which forms mono 
crystals by irradiation of laser or electron beam. 

Also, by controlling the intervals between the nucle 
ation surface forming materials formed on the above 
deposition surface, a polycrystal with grain sizes con 
trolled by the interval can be formed. The method of 
forming polycrystals has better controllability in grain 
size and also the forming speed is shortened to great 
extent, as compared with the prior art method in which 
polycrystals with large grain sizes are formed according 
to the above melting and solidi?cation method. 

Further, according to the present invention, since 
crystal formation is effected in liquid phase, crystals of 
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good quality substantially without crystal defect can be 
obtained. 

I claim: 
1. A method of forming a crystal which comprises the 

steps of: providing a substrate having (i) a non-nuclea 
tion of an amorphous surface material with a small 
nucleation density and (ii) a nucleation surface of an 
amorphous material which is a material different from 
the material of the non-nucleation surface and having a 
larger nucleation density than the material of said non 
nucleation surface, said nucleation surface having an 
area which is sufficiently ?ne enough to form only a 
single nucleus from which a monocrystal is grown; 

dipping said substrate in a solution containing a 
monocrystal-forming material, thereby initiating 
crystal growth at said single nucleus while in said 
monocrystal-forming material solution. 

2. A method as de?ned in claim 1 wherein the mate 
rial constituting said nucleation surface is formed suf? 
ciently ?nely by deposition on the material constituting 
said nonnucleation surface followed by patterning. 

3. A method as de?ned in claim 1 wherein the mate 
rial constituting said nucleation surface is formed suf? 
ciently ?nely by ion implantation to the material consti 
tuting said nonnucleation surface. 

4. A method as de?ned in claim 1 wherein the mate 
rial constituting said nonnucleation surface is formed on 
a base substrate. 

5. A method as de?ned in claim 1 wherein said nucle 
ation surface is formed in plurality and the grain size is 
controlled by the distance between the nucleation sur 
faces. 

6. A method as de?ned in claim 1 wherein said solu 
tion comprises a metal solvent and a solute comprising 
a material containing the constituting element of said 
crystal. 

7. A method as de?ned in claim 6 wherein said metal 
solvent comprises a Group III metal. 

8. A method as de?ned in claim 6 wherein said metal 
solvent comprises a Group IV metal. 

9. A method as de?ned in claim 6 wherein said metal 
solvent comprises a Group V metal. 

10. A method as de?ned in claim 1 wherein said crys 
tal forming treatment involves deposition of a solute 
comprising the material of said crystal due to supersatu 
ration. 

11. The method as de?ned in claim 1 wherein the 
material constituting said nucleation surface is silicon 
nitride. 

12. The method as de?ned in claim 1 wherein the 
material constituting said nonnucleation surface is sili 
con oxide. 

13. The method de?ned in claim 1 wherein said sub 
strate has a plurality of nucleation surfaces. 
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